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ON  THE  BALANCE  OF  PEES.SUKE  WITHIN 
THE  SKULL. 

BY  JAMES  CAPPIE,  M.D. 

It  being  admitted  that  the  brain  is  the  organ  through  which 
mental  acts  or  states  are  more  immediately  produced  or  re- 
vealed, the  working  condition  of  the  former  becomes  the  cor- 
relative of  the  existence  of  sensation,  memory,  thought,  and 
volition.  The  working  condition  of  the  brain  depends  on  a 
certain  standard  of  structure,  and  a certain  relation  to  the 
circulation  and  to  other  structures  and  agents.  The  more  that 
structure  and  these  various  relationships  are  understood,  the 
better  qualified  shall  we  be  to  trace  how  far  any  given  mental 
act  or  state  is  related  to  any  special  sphere  or  mode  of  activity 
in  the  nervous  centre,  and  vice  versa. 

In  studying  the  causation  of  mental  phenomena  we  need 
not  be  deterred  by  the  fact  that  our  knowledge,  at  the  best,  is 
likely  to  be  always  remote.  It  may  not  be  the  less  positive  so 
far  as  it  may  pretend  to  go.  We  must  ever  be  content  to 
accept  the  fact  of  consciousness  as  ultimate.  The  physiologist 
will  never  be  able  to  perceive  why  the  brain’s  activity  should 
be  associated  with  its  manifestations.  Yet,  if  a correlation  be 
assumed,  he  may  be  able  to  determine  why  one  form  of  con- 
sciousness rather  than  another  is  present ; why  it  is  present 
with  a felt  amount  of  intensity;  or  why  in  certain  circum- 
stances it  is  obscured  or  suspended.  The  nexus  between  mole- 
cular activity  of  brain  and  activity  of  thought  and  volition 
may  for  ever  remain  “ unthinkable,”  but  many  of  the  modi- 
fying conditions  of  the  molecular  activity  may  certainly  be 
determined,  and  the  remote  but  necessary  influence  of  these 
on  the  mode  and  intensity  of  mental  action  may  thus  to  some 
extent  be  recognised. 
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In  tlie  present  essay  I wish  to  give  prominence  to  some  of 
the  more  general  conditions  in  which  the  brain  is  placed — to 
trace  a relation  l^etween  the  organ’s  mode  of  working  and 
certain  peculiarities  in  its  physical  surroundings.  I shall 
have  no  experiments  to  detail,  nor  anything  new  to  reveal  in 
regard  to  structure.  I shall  simply  apply  well-understood 
principles  in  physics  toward  explaining  some  facts  in  encephalic 
physiology,  and  shall  have  to  depend  for  the  correctness  of 
conclusions  on  the  appositeness  of  the  analogies  adduced,  and 
the  coherence  of  my  argument.  I am  aware  that  in  these  days 
of  physiological  laboratories,  when  every  inference  has  to  be 
tested  by  an  appeal  to  the  senses,  such  a plan  may  not  be 
allowed  a high  place  in  the  methods  of  exact  science.  But 
in  addition  to  the  fact  that  it  is  only  to  a limited  extent 
the  general  practitioner  can  avail  himself  of  the  more  exact 
instruments  of  research  and  experiment  to  advance  physiology, 
it  is  possible  that  some  subjects  may,  at  least  up  to  a certain 
point,  be  quite  successfully  treated  by  broad  views  being  taken 
of  general  relationships.  In  every  phenomenon  there  is  of 
necessity  a chain  of  causation,  but  the  revelations  of  minute 
analysis  are  too  frequently  only  isolated  links.  These  furnish 
interesting  facts  rather  than  explanations.  No  analysis  of  sea 
water  would  ever  enable  us  to  explain  the  ebb  and  flow  of  the 
tides.  It  may  be,  therefore,  that  by  holding  some  vital  phe- 
nomena at  arm’s  length,  and  taking  a bird’s-eye  view  of 
palpable  relations,  the  order  of  combination  and  sequence 
which  constitutes  causation  may  be  recognised  more  readily 
than  by  atomic  or  microscopic  analysis  of  the  instruments 
concerned  in  their  production. 

It  is  becoming  trite  to  remark  that  in  the  development  and 
activity  of  everything  living,  its  “ environment,”  “ surround- 
ings,” or  “ medium  ” has  an  influence  only  second  in  im- 
portance to  that  of  special  structure. 

The  physiological  bearing  of  the  brain’s  surroundings  does 
not  seem  to  have  received  the  attention  it  deserves.  The 
skull  has  been  regarded  simply  as  an  organ  of  protection,  and 
less  importance  is  now  attached  to  the  peculiarities  of  the 
encephalic  circulation  than  was  the  case  many  years  ago. 

Kestricting  ourselves  in  the  meantime  to  the  skull,  much 
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1ms  been  written  to  show  how  well  ntlapted  its  structure  is  to 
serve  as  an  organ  of  protection.  By  its  form,  and  by  the  firm- 
ness and  elasticity  of  its  walls,  it  combines  moderate  weiglit 
with  great  power  of  resistance,  and  thus,  while  not  a burden  to 
the  individual,  it  secures  the  delicate  structure  of  the  brain 
against  physical  injmies. 

It  is  more  than  probable,  however,  that  the  mechanical  pro- 
perties of  the  skull  must  have  an  important  effect  in  influ- 
encing the  physiological  action  of  the  brain  itself.  If  its 
osseous  walls  are  efficient  in  affording  resistance  to  agents 
from  without,  they  will  no  less  exert  repression  on  the  forces 
operating  within  its  cavity.  The  fact  that  there  is  a rigid 
limit  to  the  brain’s  expansion  cannot  be  without  significance. 

That  in  certain  circumstances  there  is  a decided  tendency 
to  expansion  of  the  brain  is  well  kno^vn.  When  it  has  been 
so  exposed  from  injury  of  the  skull  that  its  behaviour  can  be 
observed,  it  has  always  been  noticed  that  while  during  sleep 
the  organ  tends  to  sink  or  retire  from  the  inner  surface  of  the 
skull,  in  wakefulness  it  expands,  and  not  only  fills  the  whole 
cavity,  but  it  may  protrude  beyond  the  aperture.  Some  forces 
are  at  work  in  the  latter  state  which  are  quiescent  or  less 
powerful  in  the  former.  The  tendency  of  these  is  to  make 
the  brain  increase  in  bulk.  If  its  rigid  envelopes  were  sud- 
denly to  give  way  when,  for  example,  severe  muscular  efforts 
are  being  made,  the  momentum  of  the  blood  would  cause  the 
vessels  to  be  more  completely  filled,  and  the  organ  would 
instantly  expand  beyond  the  bulk  it  could  possibly  occupy 
while  they  were  entire.  To  any  tendency  of  this  sort,  how- 
ever, the  walls  of  the  skull  oppose  an  effectual  barrier. 

Assuming,  then,  that  when  the  brain  is  active  its  function 
is  exerted  under  a state  of  physical  repression  or  stress,  we 
have  to  consider  how  such  a circumstance  may  operate  in 
modifying  the  results  of  activity. 

In  physics  we  have  abundant  examples  of  the  behaviour  of 
energy  under  a state  of  repression.  Its  tendency  is  to  explo- 
sion ; or,  if  liberated  in  a special  direction,  to  produce  inten- 
sity of  discharge.  The  utility  of  the  steam-engine,  the  rifle, 
and  the  electric  telcgrapli  depends  on  our  being  able  to  con- 
Irol  the  liberation  of  certain  forces  under  stress. 
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From  the  analogy  of  physics,  then,  avo  may  reasonably  sup- 
pose that  whatever  energy  the  brain  is  able  to  produce  or 
liberate,  it  must  be  more  concentrated  and  sustained,  more 
readily  or  more  completely  directed  into  some  special  channel, 
than  if  it  were  diffused  in  all  directions  in  its  very  production. 
Or,  if  Ave  look  at  the  mental  correlatives,  Ave  may  infer  that 
sensation  and  perception  are  more  exact  and  acute ; thought 
more  coherently  sustained ; efforts  to  produce  muscular  move- 
ments stronger  and  more  accurately  directed,  on  account  of 
the  physical  restraint  to  Avhich  the  organic  substratum  is 
subjected. 

Of  course  if  the  brain  as  a whole  requires  some  counter- 
poise or  fulcrum  to  insure  a required  intensity  in  the  discharge 
of  its  energy,  the  same  laAV  must  apply  to  individual  portions 
of  the  brain.  Each  local  or  limited  area  of  ganglionic  struc- 
ture AA'hich  may  have  specific  duties  to  perform  must  receh^e  a 
background  of  resistance  or  support  from  other  structures,  and 
increase  or  failure  of  this  support  will  have  a modifying  effect 
on  the  result. 

It  becomes  at  once  obvious,  then,  that  a knowledge  of  the 
sources  of  internal  pressure,  and  of  the  conditions  by  which  it 
is  modified,  is  necessary  to  enable  us  to  understand  an  import- 
ant department  of  encephalic  physiology. 

The  immediate  sources  of  pressure  Avill  be  similar  to  those 
in  other  parts  of  the  body.  There  is,  in  the  first  place,  the 
expansive  pressure  of  simple  growth.  When  the  molecular 
elements  are  multiplying  or  developing  into  structures  more 
cellular,  they  attract,  with  more  or  less  energy,  materials  from 
the  neighbouring  blood-vessels ; and  in  assimilating  these  an 
actively  expansive  force  is  brought  into  play,  the  aggregate 
amount  of  which  aaIU  depend  on  the  rapidity  of  the  process, 
and  the  area  over  which  it  extends.  It  is  no  part  of  our  plan, 
however,  to  take  cognizance  of  the  intracranial  pressure,  pro- 
duced from  this  cause,  although,  esj)ecially  in  diseased  condi- 
tions, its  consideration  is  at  times  of  the  highest  importance. 

The  second  and,  so  far  as  the  present  inquiry  is  concerned, 
more  important  source  of  pressure  is  the  movement  of  fluids. 
We  assume  that  the  mechanical  force  so  exerted  is  in  accord- 
ance Avith  the  ordinary  laAvs  of  physics.  The  greater  the  bulk 
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anil  the  more  rapid  the  movement,  the  stronger  will  be  the 
pressure.  Applied  to  the  eireulation  within  the  skull,  this 
prineiple  will  be  equally  true  in  regard  to  individual  vessels 
or  to  elusters  of  vessels. 

From  this  restrieted  point  of  view  as  to  the  origin  of  intra- 
eranial  pressure,  its  balance  will  depend  simply  on  local  altera- 
tions in  the  distribution  of  blood  through  the  vessels.  Every 
change  in  its  circulation  will  be  accompanied  by  a change  of 
pressure  in  or  on  the  brain. 

Our  next  object,  then,  must  be  to  determine  on  Avhat  con- 
ditions any  alteration  in  the  intracranial  circulation  may  depend. 

The  principal  factors  concerned  in  the  supply  and  distribu- 
tion of  blood  through  the  brain  are — 1,  the  action  of  the  heart 
on  the  general  circulation ; 2,  the  action  of  the  vaso-motor 
nerves  on  any  of  the  branches  of  the  circle  of  Willis ; 3^  the 
molecular  movement  in  the  brain  tissue ; and  4,  the  pressure 
of  the  atmosphere  opposing  the  flow  of  blood  from  the  venous 
sinuses. 

In  considering  on  which  of  these  conditions  local  alterations 
within  the  skull  occur,  the  action  of  the  heart  may  be  kept 
out  of  view.  The  ratio  of  that  action  will  be  the  same  to  the 
whole  cavity,  and  any  change  of  impulse  will  equally  affect 
all  the  vessels.  Local  modifications  must  be  caused  by  local 
conditions. 

The  conditions  which  will  most  immediately  affect  the  local 
distribution  of  blood  are  the  calibre  of  the  feeding  vessels  and 
the  activity  of  the  molecular  movements.  So  much  sympathy 
exists  between  these  that  they  should  be  considered  together. 
They  are  so  intimately  joined  that  it  is  impossible  to  say 
where  causative  influence  begins  or  ends.  If  any  distinction, 
however,  is  to  be  made,  then  greater  imjDortance  must  be 
attached  to  the  agitation  of  the  molecules.  Nothing  definite 
is  known  as  to  the  action  of  the  vaso-motor  nerves  on  the 
arteries  within  the  skull.  The  result  of  experiments  has  been 
negative  or  contradictory.^  But  we  can  conceive  of  the  move- 
ments of  the  tissue-molecules  acting  on  the  circulation  in 

' Seo  ‘ Physiology  find  Pathology  of  tho  Sympathetic  System  of  Nerves.’  Ly 
Drs.  Eiilenbiirg  and  Guttmanu.  Translated  by  Ur.  Napier,  ‘ Journal  of  Mental 
Science,’  July  1878. 
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various  ways.  Their  agitation  may  communicate  its  infinitely 
rapid  waves  directly  to  the  blood ; or  the  reaction  between  the 
blood  and  the  tissue  may  so  modify  the  attraction  of  the  former 
for  the  capillary  walls,  that  the  sphere  of  greatest  activity 
in  reaction  constitutes  the  “line  of  least  resistance”  along 
which  fluids  under  pressure  must  of  necessity  tend  to  move ; 
or  the  molecular  agitation  may  affect  the  afferent  nerve  of  a 
vessel — controlling  ganglion,  which  again,  transmits  an  in- 
fluence to  the  small  vessels.  It  is  more  likely  that  any  or  all 
of  these  modes  are  correct  than  that  any  ganglion  by  itself 
should  have  some  intuitive  perception  of  - the  wants  of  the 
tissue.  Practically,  therefore,  at  all  events  in  the  normal 
state,  we  may  also  leave  the  action  of  the  vaso-motor  nerves 
out  of  view,  and  restrict  ourselves  to  the  influence  which  the 
molecular  movement  itself  possesses  of  modifying  the  cir- 
culating current. 

From  the  biological  point  of  view,  then,  the  molecular 
movement  in  the  brain  tissue  and  the  movement  of  blood  in 
the  capillaries  cannot  be  separated.  Anatomically,  such  a 
separation  is  difficult;  physiologically,-  it  is  impossible.  As 
an  organ  which  produces  and  discharges  energy,  the  brain  is 
as  much  dependent  on  its  supply  of  blood  as  the  burning  fuel 
is  dependent  on  a current  of  air : and,  again,  the  flow  of  blood 
in  the  capillaries  depends  as  much  on  activity  in  the  mole- 
cules, as  the  draught  of  air  through  the  burning  fuel  depends 
on  the  act  of  combustion.  Check  the  blood-current,  and  the 
agitation  of  the  molecules,  with  the  function  involved  in  their 
activity,  is  at  once  suspended  or  modified;  stimulate  the 
molecular  movement,  and  the  blood  is  transmitted  with  greater 
energy.  The  physiology  which  would  ignore  this  reciprocal 
action  takes  a retrograde  step  of  at  least  half  a century.  Even 
as  a “ working  hypothesis  ” no  amount  of  precision  in  describ- 
ing changes  in  the  histological  elements  of  tissue  would  ever 
make  up  for  its  loss. 

In  regard  to  the  influence  of  the  atmospheric  pressure  in 
modifying  the  encephalic  circulation,  that  I consider  to  bo 
one  of  very  great  importance.^  It  results  from  the  physical 

‘ Sec  ‘ On  tlic  Relation  of  the  Cranial  Contents  to  the  Pressure  of  the  Atmos- 
phere,’  ‘ Ediu.  Mod.  Journal,’  Aug.  187-1. 
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qualities  of  the  cranium,  which  only  permit  the  contents  of 
the  cavity  to  be  affected  through  the  blood-vessels  which  enter 
or  leave  the  bony  walls.  It  tends  to  oppose  the  exit  of  blood 
from  the  venous  sinuses,  and  the  backward  pressure  so  occa- 
sioned will,  of  course,  be  exerted  on  the  internal  surface  of  the 
venous  vessels  through  their  whole  extent.  It  will  thus  assist 
in  preventing  the  block  in  the  entire  encephalic  circulation 
that  would  be  caused  if  the  arterial  impulse  were  to  press  the 
brain  directly  against  the  dura  mater.  The  immediate  physical 
result,  as  we  shall  afterwards  more  fully  explain,  will  depend 
on  the  support  the  vessels  receive  on  their  external  surface. 
If  the  forces  causing  brain-expansion  be  relaxed,  the  veins 
will  be  distended ; and  thus  a certain  amount  of  tension  is  at 
all  times  sustained  in  the  brain  tissue.  On  the  other  hand,  if 
the  brain  tends  to  expand,  some  room  is  gained  by  the  veins 
being  compressed  and  their  contents  lessened. 

Assuming',  then,  that  molecular  agitation  is  the  dominant 
factor  in  modifying  the  movement  of  blood — that  its  intensity 
and  sphere  condition  the  rapidity  and  direction  of  the  circula- 
tion, we  are  in  a position  to  discuss  some  details  as  to  the 
balance  of  pressure  within  the  skull. 

When  the  brain  from  a condition  of  rest,  as  in  sleep,  is 
roused  to  activity,  the  immediate  effects  are  to  increase  the 
agitation  in  the  molecular  structures  and  to  cause  more  rapid 
blood  movement.  This,  of  course,  involves  increased  pressure 
within  the  capillaries,  and  the  result,  as  we  have  already  seen, 
is  to  cause  an  expansive  tendency  in  the  brain  itself.  To  this 
tendency  two  important  checks  are  opposed.  These  are,  in 
the  first  place,  the  rigid  limits  presented  by  the  cranial  walls, 
and  to  which  we  need  not  fiu’ther  allude.  The  second  check 
is  the  peculiar  structure  of  the  pia  mater. 

This  membrane  presents  a curious  interlacement  of  arterial 
and  venous  vessels,  the  physiological  meaning  of  which  has 
not  received  the  attention  it  deserves.  Its  connections  with 
the  brain  are  entirely  capillary.  The  large  mass  of  the  brain 
is  fed  by  arteries  which  from  the  first  penetrate  its  substance 
in  a state  of  capillary  minuteness ; the  veins  also  leave  the 
nerve  tissue  as  capillaries,  and  in  the  pia  mater  they  coalesce 
to  form  large  tortuous  vessels.  Now,  if  expansion  of  the  brain 
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were  to  occur  beyond  a very  limited  extent,  a process  of  self- 
strangulation would  take  place.  The  circulation  itself  would 
be  stopped.  The  first  effect  must  be  to  compress  the  veins, 
but  this  compression  cannot  be  to  a greater  extent  than  will 
allow  whatever  amount  of  arterial  blood  which  enters  the  skull 
to  be  transmitted  onwards.  The  result  will  be  to  increase 
the  tension  in  the  brain  itself.  The  blood  pressure  will  be 
expended  in  rapid  movement. 

To  this  tension  all  the  fluids  and  solids  within  the  skull  will 
be  alike  subjected.  It  will  not  be  greater  at  one  point  than 
at  another.  The  area  being  limited  and  full,  and  so  much  of 
the  contents  being  fluid,  the  importaut  law  of  pressure  being 
transmitted  equally  in  all  directions  will  here  hold  good. 

A moment’s  consideration  will  enable  us  to  perceive  how 
such  a fact  is  to  be  reconciled  with  the  statement  previously 
made,  that  every  change  in  the  intracranial  circulation  involves 
a change  of  pressure  in  or  on  the  brain.  We  have  simply  to 
bear  in  mind  the  distinction  to  be  made  between  active  pres- 
sure and  “ stress,”  ^ or  tension. 

In  a glass  globe  where  gold  fish  are  in  active  motion,  the 
currents  or  agitation  in  the  water  can  never  so  affect  the  globe 
itself  as  to  make  it  tend  to  move  in  one  direction  or  another. 
If  it  were  fixed  on  wheels  on  a smooth  table,  “ even  were  the 
table  a lake  of  ice  and  the  wheels  extremely  delicate,  we 
should  find  that  the  globe  would  remain  at  rest.”  ^ Whether 
the  currents  in  the  water  be  strong  or  .weak,  the  pressure  on 
the  sides  of  the  vessel  will  be  equalised  through  its  whole 
circumference.  Throughout  any  particular  level  the  amount 
of  stress  will  be  the  same.  But  within  the  area  of  uniform 
stress,  the  disposition  of  movable  bodies  or  particles  will 
depend  on  the  rapidity  and  direction  of  the -currents,  and  thus, 
in  the  case  before  us,  the  movement  and  position  of  the  fish 
may  vary  every  moment. 

So,  within  the  skull,  whether  stress  be  sironger  or  weaker, 

it  must  be  equalised  throughout  the  cavity  ; but  the  direction 

• « * - • 

‘ “ The  word  ‘ stress  ’ as  an  equivalent  for  ‘ action  alid  reaction,’  ^nil  as  a 
generic  name  for  pressure,  tension,  &c.,  will  save  future  generations  a great  de;iJ 
of  trouble.” — Prof.  Cleuk  Maxwell,  ‘Nature,’  Aug.  20,  187-1. 

- Prof.  Balfour  Stewart,  ‘ Ooiisorvatiou  of  Euergy,’  )l  9.'  + 
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of  the  blood  currents,  and  therefore  the  disposition  of  the 
movable  solids,  will  be  subject  to  infinite  variation,  and  there 
will  be  no  end  to  the  inodes  in  which  the  action  of  the  brain 
itself  may  be  modified  from  this  cause.  The  law  of  pressure 
by  fluids  in  motion — as  affected  by  volume  and  velocity — must 
here  come  into  play.  As  the  blood  is  directed  in  greater 
quantity  or  at  a more  rapid  rate  through  particular  vessels, 
the  active  pressure  will  there  be  greater  or  less.  Then,  of 
course,  the  brain  itself  is  not  a fluid  body.  Its  cell  elements 
and  fibres  may  be  kept  closer  or  more  apart,  according  to  the 
disposition  of  the  fluids  by  which  it  is  surrounded  and  satu- 
rated. As  it  can  readily  be  understood  that  a certain  com- 
pactness, or,  it  may  be,  freedom  to  move,  may  be  necessary 
for  proper  functional  action,  the  intensity  or  direction  of  the 
currents  may,  from  their  purely  mechanical  effect,  stimulate, 
modify,  or  suspend  activity  through  the  whole  organ,  or  in 
limited  portions  of  its  mass. 

Eecurring  now  to  the  case  of  the  brain  passing  from  the 
rest  of  sleep  to  the  activity  of  wakefulness,  we  have  to  con- 
sider in  what  manner  the  intracranial  pressure  is  modified. 
During  sleep  the  brain  circulation  is  quiet,  and  stress  within 
the  skull  is  weak ; as  activity  sets  in  the  molecular  agitation 
and  the  increased  impetus  of  the  circulation  cause  the  stress 
to  be  augmented.  But  something  more  than  a change  in  the 
intensity  of  intracranial  stress  must  take  place.  The  balance 
of  active  pressure  is-  also  greatly  altered.  To  show  in  Avhat 
manner  this  occurs  we  may  reverse  the  order  in  which  the 
changes  succeed  one  another,  and  see  what  happens  as  sleep 
corhes  on. 

From  exhaustion,  or  some  other  cause,  the  molecular  move- 
ments become  less  energetic,  and  simultaneously  the  hold  of 
the  capillaries  on  the  arterial  blood  is  weakened.  But  there 
are  other  physical  agencies  a't  work  within  the  skull,  and  the 
action  of  these  cannot  remain  unaffected  by  such  a change. 
Foi;  example,  we  have  seen  there  is  at  all  times  a special  stress 
williin  the  veins.  The  combined  cardiac  and  capillary  forces 
urge  more  blood  into  them  ; the  passive  resistance  of  the 
atmospheric , pressure  tends  to  keep  back  that  blood  within  the 
skidl ; and,  dastly,  the  expansive  action  of  the  brain  tends  to 
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obliterate  the  vessels  themselves  by  pressure  on  their  sides. 
Of  these  forces,  that  caused  by  the  atmospheric  pressure  varies 
least  in  amount.  AVe  have  therefore  to  do  with  a simple 
problem  in  the  composition  of  forces.  If  one  or  two  be  relaxed, 
the  third  must  bear  with  greater  effect.  Thus,  if  the  forces 
which  cause  brain-expansion  act  with  less  energy,  the  backward 
pressure  in  the  veins  must  act  with  more  decided  effect.  The 
flow  of  blood  from  them  will  be  retarded  so  long  as  the 
equilibrium  tends  to  be  disturbed.  When  the  }iew  equilibrium 
is  gained  the  vessels  will  be  more  distended  than  can  possibly 
occur  during  a more  active  state  of  the  brain. 

The  same  change  may  be  expressed  in  another  way.  If  the 
brain  tends  to  retire  from  the  inner  surface  of  the  skull  (and 
that  it  does  so  during  sleep  is  the  unanimous  testimony  of  all 
who  have  observed  its  behaviour  through  an  opening  in  the 
bone),  it  will  exert  a suction  effort  on  the  blood  in  the  veins. 
It  is  impossible  for  suction  to  be  exerted  on  the  cerebro- 
spinal fluid  in  the  spinal  canal,  for  the  contents-  of  this  cavity 
are  also  removed  from  the  direct  action  of  the  atmospheric 
pressui-e.^  A new  balance  of  the  circulatign  is  therefore 
established;  less  blood  circulates  in  the  capillaries  of  the 
brain,  and  to  an  exactly  corresponding  extent  more  must  be 
held  by  the  veins.  If  a survey  be  taken  of  the  various  con- 
ditions involved,  it  will  be  seen  that  this  change  is  a physical 
necessity. 

If  we  are  now  allowed  to  assume  that  when  the  brain  passes 
from  rest  to  activity,  or  from  activity  to  rest,  a change  occurs 
in  the  balance  of  its  circulation,  then,  in  accordance  with  the 
principle  we  have  insisted  on,  the  balance  of  active  pressure 
within  the  Skull  must  also  be  altered.  This  change  of  pressure 
will  of  course  affect  the  disposition  of  the  brain  tissue,  and 
must  have  an  influence  on  its  activity  of  function.  During 
wakefulness,  when  the  arterial  and  capillary  circulation  is 
most  active,  the  pressure  is  outwards.  It  is  expansive,  and  the 
reaction  against  the  cranial  walls  causes  the  stress  through  the 
whole  cavity  to  be  increased.  Nervous  energy  is  liberated,. 

‘ I have  elsewhere  (‘  The  Causation  of  Sleep  ’)  fully  discussed  the  improhilbility 
of  the  cerpTjro-spiual  Iluid  taking  the  place  of  the  diiuinlshod  corohrul  circulation 
iu  healthy  sleep. 
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and  the  result  is  some  psyeliical  or  motor  ehange.  During 
sleep  the  venous  circulation  preponderates,  and  the  pressure  is 
from  the  surface  inwards.  The  amount  of  blood  within  the 
skull  may  remain  as  before;  indeed,  I believe  that  in  healthy 
sleep  it  must  remain  almost  exactly  the  same.  But  a larger 
proportion  of  it  is  now  external  to  the  brain  mass,  and  its 
movement  there  must  react  physically  on  the  brain.  The 
latter  is  more  or  less  compressed.  When  the  molecular  move- 
ment began  to  flag,  the  capacity  for  active  function  was  by 
that  very  fact  also  weakened.  But  this  change  of  pressure  still 
further  interferes  with  functional  capacity.  When  it  amounts 
to  a certain  degree,  function  is  suspended — the  brain  for  the 
time  fails  to  subserve  the  manifestation  of  the  higher  mental 
states. 

We  thus  seem  to  find  that,  in  the  physical  changes  which 
accompany  rest — in  the  more  sluggish  molecular  movement  with 
(as  a necessary  consequence)  lessened  intracranial  stress,  altered 
balance  of  the  circulation  and  altered  balance  of  pressure — 
we  get  a physiological  explanation  of  sleep  itself.  We  are 
furnished  with  a mechanism  which  secures  a rest  to  the  brain 
sufficiently  lengthened  to  allow  restorative  changes  to  occur. 
No  fact  in  brain  biology  has  been  better  ascertained  than  that 
compression  of  the  organ  produces  unconsciousness,  and  this 
first  condition  of  sleep  we  find  in  the  distended  veins  of  the 
pia  mater.  Then,  the  whole  agency  being  under  the  control  of 
the  molecular  activity,  the  pressure  may  be  graduated  infini- 
tesimally, so  as  to  produce  the  lightest  slumber  or  a state  of 
heavy  stupor.  Further,  if  a stimulus  be  applied  to  the  brain, 
the  whole  series  of  conditions  can  be  changed  at  once.  In  this 
important  respect  the  above  theory  of  sleep  contrasts  with  any 
other  which  places  the  cause  in  a change  of  nutrition  alone,  or 
in  the  action  of  some  vaso-motor  Centre.  We  need  not  wait 
till  superfluous  cerebro-sjjinal  fluid  has  been  got  rid  of.  The 
increased  capillary  and  diminished  venous  circulation  will  be 
simultaneous. ' 

The  next  step  of  our  inquiry  should  now  be  to  consider  some 
quekions  relating,  to  the  balance  of  pressure  through  the  brain 
itself;  Assuming  that  the  more  immediate  seat  of  active 
function  is  also  the  sphere  of  greatest  vascular  activity,  we 
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sliould  likely  find  that  the  activity  of  one  part  of  the  hrain 


may  afiect  the  function  of  other  parts  in  various  other  ways 
than  by  direct  connection  through  commissural  fibres.  In  one 
case,  function  may  be  suspended  by  a derivation  of  blood  from 
its  vessels,  as  when  impressions  on  a sensory  nerve  are  not  felt 
on  account  of  the  mind  being  absorbed  in  a train  of  thought ; 
in  another  case,  an  increase  of  energy  may  be  occasioned  from 
the  steadier  fulcrum-like  support  afforded,  as  when  the  inten- 
sity of  muscular  contraction  is  increased  by  the  simultaneous 
action  of  other  muscles ; in  a third  case,  the  mechanical 
impulse  of  pressm’e  may  act  as  a direct  stimulus,  as  when  a 
sudden  noise  causes  one  to  start,  or,  indeed,  as  may  possibly 
occur  in  the  causation  of  voluntary  motion.  Into  this  wide 
field,  however,  we  cannot  enter  in  the  meantime. 
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